sions on a sliding (Vernier) scale matching the same width as nine divisions on a fixed scale parallel with it. The result is that each division on the Vernier scale is 90 times amplified compared to the actual distance it's measuring. 2 This is quite a significant "zooming-in" effect and can thus allow even typically "rough" tactile methods, such as used by the blind, to detect very tiny distances with high resolution. See the box below for a more detailed explanation.
sions on a sliding (Vernier) scale matching the same width as nine divisions on a fixed scale parallel with it. The result is that each division on the Vernier scale is 90 times amplified compared to the actual distance it's measuring. 2 This is quite a significant "zooming-in" effect and can thus allow even typically "rough" tactile methods, such as used by the blind, to detect very tiny distances with high resolution. See the box below for a more detailed explanation.
As a starting point, STEP 1 (see photo sequence in Figs. 1-5), we used the plastic Brailled tactile centimeter rule as a fixed scale and clamped it down onto the lab table. We then clamped a scrap piece of door stop molding so that it butted perpendicularly against the left end of the tactile fixed scale to serve as a stop. A carpenter's square was used to make sure they were square.
In STEP 2, we placed the item to be measured, such as the aluminum cylinder shown, against the wooden stop at 
B
ecause she had been blind since birth, we knew that our new student, Cricket, would be unable to make the necessary measurements needed to get any meaningful lab data while all of the other students would be able to use highly accurate commercial Vernier calipers. All we had on loan for Cricket was a Brailled plastic tactile meterstick with low resolution divisions to the nearest whole centimeter. This was unacceptable, considering that the other students were achieving very accurate and consistent readings with their analog Vernier calipers to the nearest 0.005 cm. So using the Vernier scale concept, we decided to make a low-tech tactile wooden "Vernier caliper" that would have much more resolution and be quick and easy to use by anyone, even if totally blind. 1 Nowadays, Vernier scales and other analog scales are not used very often by students in this modern-day digital world. So for those unfamiliar, a brief description of the general Vernier scale idea is given below (see box). The most common centimeter types of Vernier calipers have a total of 10 diviFor a typical metric Vernier caliper, 10 Vernier spaces have the same width as nine spaces on the fixed scale, with each space on the fixed scale worth 0.1 cm each. So when both Vernier and fixed scales are matched up scale-to-scale, having the zero mark of the Vernier matching the zero mark on the fixed scale, the first Vernier space is 1/10 less than or 0.9 times the value of the first space on the fixed scale, 0.930.1 cm = 0.09 cm; the first two Vernier spaces are then worth 230.09 cm = 0.18 cm, and so on, resulting in the entire 10 Vernier spaces that fit within the first nine fixed spaces being worth 1030.09 cm = 0.9 cm. In the sample measurement shown below, the final answer reads 0.28 cm (neglecting significant figures for simplicity's sake) and this is customarily determined in two steps. The first step is to note where the zero mark lines up. Here, the zero mark on the Vernier scale lines up more than halfway between the 0.2-and 0.3-cm marks on the fixed scale, so we know the first approximation is somewhere between 0.2 and 0.3 cm. The second step is to see which Vernier division exactly lines up with a division on the fixed scale. In this case, the eighth Vernier division lines up exactly with a mark on the fixed scale, so we add 0.08 (representing the eight Vernier divisions) to our first approximation of 0.2 cm for a total reading of 0.28 cm.
The reason this works is that the eight Vernier spaces represent 830.09 cm = 0.72 cm. If we subtract this 0.72 cm from the 1.0 cm value shown on the fixed scale that the eighth Vernier mark lines up with, we get the correct measurement of 1.0 cm -0.72 cm = 0.28 cm. Vernier scale
Fixed scale
Summary of Reading the Scale: Here, the zero mark of the sliding scale indicates that the item measured is closer to 0.3 cm than 0.2 cm in length. How much more? This is indicated by the eighth Vernier division that exactly lines up with a fixed scale division, meaning 0.08 more is added. Thus, the total reading is 0.2 + 0.08 = 0.28 cm.
the reading was about between 5.0 cm and 5.1 cm. Comparing our preliminary results against a commercially made Vernier caliper gave us encouragement to go further. So, excited, we constructed a second wooden Vernier scale with 10 divisions equaling nine divisions on the first Vernier scale (not the fixed scale).
STEP 4 shows this second Vernier scale (Fig. 5) . To use this, we removed the cylinder that was previously being pinched by the first Vernier slider. We then slid the first Vernier scale all the way to the left until it butted up against the wooden stop as shown. We then placed the cylinder on the table so that it rested against and was parallel to the first Vernier scale while also butting up against the perpendicular wooden stop. We then slid the second Vernier scale along the top edge of the first until it butted up against the cylinder. this 90° junction, felt the end of the item, and estimated its proximity to the closest tactile centimeter division on the plastic Braille ruler. Notice that the reading in the photo was a bit more than 5 cm. Nothing novel so far. The innovative part came when we used a wood burner to carefully burn 10 divisions into a piece of wood in order to construct a Vernier scale with 10 divisions that equaled nine divisions on the fixed Braille rule. Figs. 3 and 4) shows this wooden Vernier scale being slid along the upper edge of the fixed Braille scale until it was tight against the item to be measured, the cylinder. We then felt for the first occurring burn mark on the Vernier scale that aligned with a division on the fixed scale. In this case, it wasn't quite to the first division on the Vernier that aligned; it actually matched with the 10th division. So, Fig. 1 . Initially, a carpenter's square is used to make sure that the horizontal Braille centimeter ruler (black) is perpendicular to the vertical wooden stop. Fig. 2 . If we place the item (cylinder) to be measured directly along the Braille ruler with one end of the item against the stop, the best we can say is that the measurement is "a tiny bit" more than 5 cm. This shows that this Braille centimeter ruler by itself is unsatisfactory for any finer measurements. Fig. 3 . Notice that the end of the cylinder extends slightly to the right of the 5-cm mark on the fixed black centimeter rule. When some of our sighted students saw our blind student using this homemade device, they wanted to try it too. Some of them said that it was easier to use than the actual commercially made Vernier calipers, considering the very tiny divisions that are difficult to see for most people, even if with 20/20 vision. Next, we felt for the first mark on this second Vernier that aligned with a division on the lower (first) Vernier. In this case, it was the fifth or sixth division that aligned, looking a bit closer match to the sixth mark. So the reading shown was approximately 5.05 cm or 5.06 cm. A comparison was made by measuring the same cylinder with a commercially made Vernier caliper (see Figs. 6 and 7) and it read 5.05 cm (neglecting significant figures). Good preliminary agreement.
STEP 3 (see
Cricket then gave it a test run [see Figs. 8(a) and (b)], and within 20 seconds she was able to measure the length of an aluminum cylinder to the nearest hundredth of a centimeter. We then checked her readings against those made with a commercially made Vernier caliper and found them to be in fairly good agreement. Table I shows a brief comparison for four different aluminum cylinders between Cricket's readings using the wooden tactile device and our readings using a commercial Vernier caliper.
Note: Why didn't some of the data in the table quite match up? We looked at the setup and found that, surprisingly, some of the tactile divisions on the Brailled plastic meterstick were slightly greater than one centimeter. Also given more time, we could make the wood-burned divisions in the sliders narrower and more accurate, too. This quick wooden setup could easily be taken to the next level in a basic machine shop, making the tactile fixed scale (to look something like a carpenter's square) as well as the two Vernier scales out of easily machined aluminum. It is certainly a very practical and economical alternative to the digital-speaking instruments for the blind that cost thousands of dollars. 3 
